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(54) MANUFACTURE OF SEMICONDUCTOR DEVICE 

(57)Abstract: 

PURPOSE: To reduce the resistance of a laminated film 
even when the thickness of a transition metal compound 
film becomes thinner by forming a transition metal film 
on the entire surface of a semiconductor substrate, on 
which impurity diffusion layers and insulating films are 
formed, in an inert gas atmosphere containing no 
nitrogen and a transition metal nitride film on the 
transition metal film in an inert gas atmosphere 
containing nitrogen, and then, heating the laminated film. 
CONSTITUTION: On the entire surface of an Si 
substrate 1 1 which is provided with a P+-diffusion layer 
14 on its surface and insulating films 124, 135, and 13, 
formed in a desired pattern, a Ti film 17 is formed by 
sputtering using a Ti target in an inert gas atmosphere 
containing no nitrogen. Then a TiN film 18 is formed on 
the Ti film 17 by performing sputtering using a Ti target 
so that the substrate 1 1 cannot be exposed to plasma in 
an inert gas atmosphere containing nitrogen. Thereafter, 
a TiSi, film 19 is formed at the part where the Ti film 17 
is in direct contact with the substrate 1 1 by heating the laminated film of the films 17 and 18. 
Therefore, the resistance of the laminated film can be sufficiently lowered even when the 
thickness of the Ti compound film is reduced to 50nm. 
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(57) [fi»] 

¥***«<DH£»Ji±i::»i3c-t4T i s i 2 

Bl £ 5 0 n m <h WKtb L fc*S T? t K<DSft £ +»« < 
froT i S i ; SlOTftlftttOT|3]±£l± 

* y jfi*a*a«-r* - 1 . 

Hfffi] te&Jf±(=T i v'j+M K*»dtLT«JSSi 

* ttftJIl 4t*LBra/<*->l=«i«l 2, 13 

4 , 1 3 6 tm^htzs i s*si 1 ±©±sic N mm 

Jt**l^StWxiiStT i £*->f-y htLtz 

xtivZiz&yT <mi 7%r>f$.L, si^-t inn i 

±l=, fiStWiSt*'xglStT i h 

tU Siiftl 1 A^XTlZBESft&l^KLfc 
X/<V>l=«fcy. T i NMl 8£»lSU W.VCT i R 

1 7tT i NASI 8 0|||Mit«^^:l:J:ot, 
SiiSHiTill 7jWt*«rt"*»»l=T i S i 

2 Hi 9 




&t^;m#X»HSi^^#g£$-y-;; hiLfcX 

as $ ft&ivct d i= l fcx/^-y $ ic .j: y , m®±momt 
is 

/<^/^i=j:y. a»ft«K*»fiK-rsxat, 

fua5iI^±HBl±l=, gK^i^^jStttfxflHfii 

y. m®£m<nmit®mzBf$.t&3Lmt, 
sist, 

[000 1] 

[g*±ffl*Jffl#»] *^B^(*, »l**ttft*StWi±l= 
[0 0 0 2] 

Mh7>y^ (fet) ICSDtttHftiiH 

tfeor^*. FET<oy-Ksa©*s»<-r*<»i= 
-x ■ Kb* >««a>t£ttJis *t,a<^-6ct 

<7>£&£ffll^$C y, 0. 1 jum)ilT©;£^V— 

x- h*b-f>iusE£MiS-e#, FET©Mib<h£i~ti 
tSKJia>»«:i*K<, ioofi/nia±©y-hgfitt 

■S&Btffc*. C©gfi*l©fcftl=. j£ifclf©*S££II 
[0 0 0 3] C©J:56*a©1oJ:Lt, HSlz^-f 



h iffiilfli 3 , , y-Hl3 ; a tfffliJitg&$§H 3 6 b 
&-5^-KI«3£ifML. $bl3-f^|-baAI=<fcy p 

' fia>?tt*ttttll4*»A-f«. (t 

i) hSI?7^3 V (Ar) 7^X>T?X/\° 

■;/$U>7*U T i Si7$4 0nm(0Jl$lzJt«-r-& o 

t i haffi*g*t7;u=rv ( n , / 

A r) (D«fi*XI=«fe-3-C±rtLfc^7XT-eX/<?»4i 

h7-< K (T i N) £»fiKL&*<b, 5fc©T i H7«® 
±I=T i N IB 8 (EIS (a) ) „ 

[0 0 0 4] zro^jfffi$-^*#Hg.*-eT- 
-;uLTglb^$> (TiSi.) (0 

8 (b) ) o mm&tf®mt*.m<D&£;}&&z 

ffll*-C*£l£©T i KtfT i N^i'yf^^StS 

(B8 (c) ) . cc:*r*©xai3«tys ^fCttffilRJI 

4±|r(D^iBS^«!lCT i S i 5 M9A<^(S$^-5o 
*»l=. «*E5£Rlt=i:'*$ h*-;u£MPLfc 

mm$&i&6£r*f£?z (as (d) ) o 

[0 0 0 5] ZOUmzk&t. m*-lf8 0 nmffiy'J 

i=«»Tf#s,. ^ct\ t i %m\zi&mtz>T i NMu 
t i tks<Dmfci9m+iGm*u ft#*T i s i , 
SAWf •5fcftc:i**< ctrotr-t^^BSr-feofco l 

frLWb, ftjfi©MOS F ET©H£S«fflfc©ffl& 
l=«fc •o-tKiTfOJ; 5*BSIi©*t-r h z. <t WoTt 

[0 0 0 6] v'J-tM h'f±ttiftJI±l=Mft»jX3*i«fe 

*i. tfc»M©*&WfcffS!&<«'J>-f ■&. 0. 1 

|/m©tfcStl£J&jSLfc©*>8 0 nm©T i S i 2 £JfJ 
A ffifjlJf ©S£ y JI£ I* 2 0 n m 1 3MSI='>& 

<*otLS5. a^it«[ii±i='>y-y--f k 

t^ifcjf ©ft u - ^ asf t 7b^ l < lisp-rs - 1 & 

©*«ft;l=#oT">'J-!M K'fflBlffSSK LTff < 
Ihtzfam. JJIT© J; 5 ^P^ll *<04 C -i> z t A<B^ b^lz 
[0007] Ifl*>, ffi5fig^3T i S i 2 CD^Hf^<f 

•6fc»i=Jt»-r * t i vmmzm < f § t t i s i , © 
ttftst*<±*L, aia^as^fcisifantkia)^- 
mi*«T l * ^ z t tm b *vi= 4 o ft *o - ©fc 
ft, *^©ttfg^+»iz^if $#^,fcAiz[iT i s i 2 
^(ISiiAa^-tt-S^^CTLSLV Sl^©'ltfi[6]± 

sitsBtftofc. «*tf±E*a-e«iT i s i 2 

130 nm^jSLfcii^, T i S i 2 IKDitSJjtli 2 5 
//Qomlct'EC-So T i S i 2 H<D3iaWftttftSttt 1 
3(/Qcmiitfc'J, C^itt'<T9 0%tS^If 
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h £ fc ft v- h «fit £ +»izffi«-r ict # o 

fco 

[ooosiit, croii£g&«fiiiufcfcco7 5 o°c 
fcft, Bto#»£PIBl::H'4fctt*, T--iH=«fco-C 

t i s i 2 (Dfeghmmmtz. i*i*«7yn>t/- 

•> a tt 4<fi C o r H « C fc « b AM = 4 o „ ft 

*, r^p> u-i/3 >i*9 o o°ca±vs&m\z&$ % 

Cfc*<$g^£*lTUfcA<, C<7)J; 5fcfiSTf©ffl&fifc 

AMITf ^©^£lifr&Cfc*<tiSfcftoT 
[0 0 0 9] 

*<0. 1 X/miilT£D;^L^iS3E^tSi4®±ICT i S i 2 £ 
iBl^WtlliltSi^l:, &-&'J-£©f£££lftit 
**fcftl=T i S i 2 «ff^»<-r4i»SA<*ofc. L 
A s L, T i S i 2 *5»<-r*i:H<0J±ftfiiA<±*L, H 
B#l=7 7 P > b-i > 3 >C0HttaUE L < 1ST-T « =. 
t *«W 6 ft o fc fc», JfrFClWMb * a* * ^ fc # 
BMTCfcofc. 

[0 0 10] *fgWI*, ±aS¥ffi£#ltLTft$*l,fc4, 
©T?, *<DBWfcf*fcc5li % ^»#Sffi(DffiaS± 
iCj^fig-Ti, T i «0>a»dM(Ofl:«1tlK$ 5 0 n mfc* 
■ft L fcJWC 4. S£© ffitfi « + *HS < f & C fc *><T* * , 

»«ii©«jfi*as»«-r * c fc i=a&s. 

[0 0 1 1 ] 

i=##pji*, ^©^aft^fiE^fflLT^s. ip*>, * 
am (W*«i) i*. fcmm±izm®i&mit-£V>>m$:B 

*5±©a>SI::, 3*£a*fcl^£teffx»HS;T?a» 

m*L-nms&n**-v~j hfcu ^mm****^* 

K©»l0tein»-f 4;ifci::j:o-c, iuwa>Hn«i= 
&mto>\t-£tkWkZwmt%> c fc s«atr *. 

[0 0 12] *fc, *fgB.8 (B#flj2) I*, ttftj|±l= 

*«»dt$*ifc***»tt±©^ffil=s S*£#*ftl^ 
Stt^iltflMI^f-y-y hfc LfcX/<y$ 

i=«fcy l, *i*ua»*MUi=. a 



-y-v hfc Lfcx;^£izcfcy;i^#ji<7)gtefeii£ffi> 
*U ra&KRfca&&J^2ftftiaofMB&AD& 
tS^iWoT. «ttK<7>BflQ»#l=8tbLfc;B£& 
¥^BlS(D!gfig7u*fciI^#Sfc©fc^ 
«£»fiE-T-5cfc£1$«fc-r* 0 
[0013] ::t-. ilifflSS Li^SMilslifc lt 
I*, #©t©7b<fc(f bft-So 

(1) LtS i ilS&Mfc LTT i 

Sffll^fcCfc. 

(2) »BBI*JD»-r4»iift(*a*$**ftL^Stt» 

(3) t i >>y-y--r k ( t i s i ,. ) *©n»;Hti*i x 

1 o\m' ! ttTf$5:t. 

(4) T i 5/ 'JIM h* (T i S i , ) fffflSJRSiSttl x 
1 0 l9 om' 3 JJlTT?fe-5C:fc = 

(5) »«6JollLft*«6X/tv*'J>yi=J:yT i II £ 

it»-rscfc 0 

[0 0 1 4] 

hfc ur©ii^H CffliAttT i ) t>< 

g^^XTICBi^HSfc, hSIt'T i NA< 

i) ±izit«$^§ 0 c©fc#, ¥*tt*tt*<aft77 

XTl=BB*ti*t, Tife©T iBH=NA<|Syii**i4c 

fci=fty. *6i=ita**i6T i N^-eiiNA<iapjfcft 

£ D ^©fcft. ftfiSf SISSagigT-T i v'JW K£ 

»*■*■*»(=, t i NB©«MftNRt/T ■ Kenya 
[001 5] *naj3 (ii**i) THisfcLr 

©T i KA^XvlzBB^ftftl^ttT'X/^yS'l-Sfc 
ft, t iM±l3T i fcN©«fiHJt*<-sa:S«^fc** 
©ft^SlmfflJSWT i NfliS^fijcf SzttfT't, '>ft 

< fctN©*§js*<i : 1 ©ft^siiffijs«ty'>ftt^Ji 

tf, T i «I±lz^(S^H-5cfc^ft^o $bl=, Titfe© 
T i KirNA^ya^Scttftt,^ Z©fcft, N© 
fB»T?T i v'J-y--r K©flIg^Mb-r-Szfclift<, ft 
»©T i v'J*-f KS»filE-r*^i:A«T?#6. 
[0 0 16] *fc. T i H*l=N©HALfcfIlil*, * 
Bit*< , m*.l£T i S i , HH©*ftl=S4-f 4003 
J: 5 §5F«fttf§ALW < ft *fSWI= J:*il* d 

^^@jsi-r.5c:fcA<T?^, *>i*yAn©T i vu-th-r k 

ft, 0. 1 iUmKlT©SlM£££}#o«&8Bx/W X©te 

«fli±i=«§ y-*^ft*<ft < , v- hfitttofii^c 
Lfc-y-'j-y-^ Ftt+&%m#&m£msit&zkiftv 
tifcft§„ 

[0017] *fc, *^b^ (B*a2) |r<k^(i % ^ 

$ti^T i NH©Mfiett^ft^siiffljjgtbfcft5 £ fcai- 
^s+ifcft^T i N^-y-> h^ffl^r, c^i^a 
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SCirlc^y, Till 
S„ lot. fcH»l=, &it©T i v'JIM K 

[0 0 1 8] 

[»£OT UlT. ##6BJl©l¥$£EIS©|gft0lJIC«}:oT 

(ftffitt 1 ) H i li. *&H©X 1 ©£ffitiyi=ffi:h>6M 
OSFET<0»JfilSSSl-»fSBtfft«. *-*\ Eli 
(a) fcSS-f *5I=, (00 1) SiffittSniflDS 

KKfcKi 2^Mt?,. dCDttflsMl 2l=H**Lfc3R 
^jSIHtfcl 0 nmfflf-hifcll 3. , 150n 
mOF-T/Lfc^igJIJf 1 3 2 , 1 5 0 nmfl5HW> 
(WS i„ ) Hi 3 3 £IH#Jt»Lfc£L dft 

£y-h»tti=i?*>y-etaiLT»im£Kit«. 

-fflfc, SiNH3 s fl 5 0 nm©I*Sl::ii«Lfc 
M*ttx-y^>^T**DILTy-KDfliJIII=S i N 
■ 1 3 5 ^*il=J:y, 3 5 

jfm-tSo 

[0 0 1 9] %.l^X\ S i ffitU*B±l=l!£ 1 0 nm© 
S i O, H1 6£ffMLfcSL B F 2 "-r^->^3 5 k e 
VT'5 x 1 0 ,s om" ! aAL, N, fJgl^TM 000 
°C, 2 0#<DtMBM*lB*.iC.b\zj:i>},mo. 1<im 
©»l*P* tttfcJB 1 4*»J3W«. 

[0 0 2 0]*l^, p" ttttMl 4©*ffi±£$!i5B£fc 

SiftSH!* Lfcft, >*JUS©»*£tt»ijMM:** 

©g^a-eas-r*. ^©&, crop" ttftjn 4©s 

I±|:f#fcIUS i o 2 ££#*&-?$»*ijftft. % 

1 o P P b<Datt*-ca*sfc*-rs. 

[002 1 ] ^f-e, 02(a) Izmir &o\Z7>tty$ 

mw&mi\ ttiifii otTi y-y h2osjEt 

S 'J^-fSZtlCfc-oT, Ell (b> IC^-fJoKT 

i H 1 7 1 5 n m(0ff* 6. 

[0 0 2 2] *(.vc. @2 (b) \Z.ifiirko\ZZ.J<V$ 
=gg£ffll\ T i $—7 "J h20©Sffi£N 2 iA r© 

X. T i h*ffi(0SftRl£l=«feyT i 

L&tfb, *©T i fill 7«®±IZT i Nil 8£i&1 
00 nm(7)J¥$l;lt«$-fr-5o C©££, N,/Ar(D 

IJ300mmiU A r ^X 7&r>*±f5;i£#X©:7 

^XTtt*-y? hifi«n=©*»iBu £&1 oaittt 
atsi oi**/w* u>^ffiffl-r-5^7X^a<iizjg 

L \W&. 1= * •£ «fc 5 l=IE© IE $ EP JP L T ISM L T * ■ 



ftfc\ S*S1 0(i=i>T-*>-y-^^LTfSM-r-?)4~<!: LT 
> KSfi b Lfc 7 p-t- f> 7©tt^lz L T 

[002 3] *lv*?. HI (c) IZfUt^OlZ^ -©?r 
MSN, »limtf>T*T--;uL, StSS i tT i filtf 
ttHMSttf £»#I=T i S i , Hi 9»Lfc 0 ^© 
ft, 11 (d) !=^-f<fc5l-s T i NB1 8 
©T ill 7 Ji-;f>^Sl,t. 

[0024] ±|H Lfc*5£t?»ja Lfc T i S i , m 1 9 
ZWmUztZZT i S i, ©II«3 0nmi*g 
l=»tM=tft6r. tt*ftl*1 3/iQcmtifltt*l 
t n«IOfil^-efe« Z <t tf® 6 Avfc ft -afc. c ©*§ 

*s KJ$t3 0nma)T i S i , £ff£fig Lfc^K 
RTsgirftofco 

[0 0 2 5] @3li;££0. 1 /imCO})SSiJl±l=T i S 

'J— >f#1t£. ft*7j&£fflt^-CT i S i , £JfMLfc 
*^ t *S8 tt«*S* S ffl fc*^ Tf J±« L fcJS* T? & 
So t£&©7J;£-eii, ^LLMJ— ?<DSS±**B«>6*i 

So 5ti-i*-<fccfc5i=. *aa»Ma?s©«iH=fli3» 

1=1*. t i s i J&im<+ Z&XtfilbiQliifi* ffi* 
*a-C»«UfcT i S i 2 ri*i»«fcl=WL-Ci>-h* 
tt*«T3^6-r, »<*iSJt<0ftTI=#LNMOS FET©tt 

[0 0 2 6] Jl$3 0 nm©T i S i 2 0 

o~9 0 omiltMiLfctov- h®K©lE1b 
*«E*ttff©*^tU:«Lfctc:5. *©*3JSIi*A< 
if b*ifc 0 BP*>, ^*73;£T?[iT--;uSS7 5 0°CT? 
3 0S3/D, 7--«S9 00°Cf 300S/D, * 
36WJ7J;£-C?lctT--^SS7 5 0°C"e 4 Q/D, T- 
-^SS9 0 0°Ct'5!?/DT?fcofc„ 

[0027] ^uyw&w:, ***«*asffl^-c 

MLfcTiSi, ^r©SlSI6llT'v-hg 
ft©±JH*»ifBft5*i«:t»0r=»L. fl6*ft«*ffltx 
fc*^l=(*7 5 Ot£»*fcll#jSfri=.a»!Si:fflfi±JMi« 
4C. 90 0°cr-l*3 OOQ/DJJl±©^ttia<il=ftS 
dt^^So *6(=, K*S*T»»*LfcT i S i 2 

SLfciC5, ^*l=ft^««©4 fCL^cfctWfe 
AM=ftofc„ ^©H8$P«l=fF«Lfct^5, 
fftTiSi, SBJtLfclf^l=(*7 5 0°CJil±^bT 
i S i , R©»KSftA<Sll6L, 8 5 0°CJil±t?fi,1* 

*«*aSfflt^fc*^l=l*'J-*©i»4l*B»&nJ&^ 
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[0028] u±<d£o\z^ ^mmmyj ! £^m^hzt 

|Zj;tJ 5 0 nmJjTF©ii£l>T i S i , Ig£if2j?!<: Lfci§# 

r-4>, gSffi<h|5]^©i£ixtbgm£3IS^#6©<hHi# 
iz, 9 o o°c©;t;s*r£:s&iB#ati©;K^T \ s i , 

[0 0 2 9]-*, ±gsa*©««$wc.3!iM=-r«fc«) 

IZffMLf-T i S i j t©^tt«S»«f$S I MS£ffll* 

TfrotessB4. S5iz^f 0 ^H«fcyw6^ft«fc 

3l=. tE*a»£ffli.vr:»fiELf=T i s i 2 ©H^izii 
a*tfS**lSll=Bg-»l: i o 9 cm' : H±fl)Mt 

(04 (a) ) ©|=»U *S»]75;££ 

4 (b) ) . 

[0 0 3 0] *fc, l*|:BLTt, «S*;3StMfStf« 
b^ifco (i£*ftflr£ffl^rjBjaLfcT i s i s ©k^t* 

«H*I=*?I1 O 20 cm" 3 lil±<D;l)ST-#*tlTLxS (El 
5(a)) ©IzfcfL. **»l*;£^fflLxfcii^l=liit 

(05 (b) ) 0 CCT% ^©igaitliT i N|g©fiM* 
|ZC©T i NfgcMzjgALTL*?*,©^. *f-S|l|fllSi 

£&©rfcS„ 

[003 1 ] BfBTEMlS^, XRD;l|^^fT 

ofcfiH-eii. t i s i 2 E<D*sr H Sgao:tli=BILr 
*«tt**«»&*ifcfrofc. IP*., flMEWCT i S 
i 2 ^fKfi6Lfci#-a-(=f*, T i S i j &*|::*t-S|!!tr>b£ 

•tewT i s i 2 «*,tyiHb*ti*t<. « 

iSv U iM t 1 -: > a ^©fMS^IzJMlz/ W 
^Lfclfc«l=J:y«fc**i4Rr*tt*>, T i N£ffiB£ 

a»fl:***<DS^a-e#j»-r*iBi=Kft;**t-6Rr«tt 
3Mr, i=«fcorK*3b<T i s i 2 4>izixya*tt-i.ct 

[0032] *©«». «©ttSSMi<**f *fcHB*i= 

■suzmmo)®. y a^^ww s *i, o-ht(*»*©bi y 

^tffltJ^^So *©*:», S»fcT i S i, Kfit* 
J$r#£c<t;WEbfr<tfcofc <> 
[0 0 3 3] C©**-XA££bl-#fiLfc«££, J*l 

?U^LTi NH«»jft?«B(=S&«iI4t7?X-? 

*irBi$tL«.fc&iz, t iK<o«ssa>6gtt&aiR*<T 

i HftSGd'SAU coSALfcSftfT i S i , 81* 

i=«iya**i6. *fc, t i nh«bifizt i momwfr 

bftALfcjSISftM^l^^oT, T i /T i N#®|z, 
9M<C»BBjWB»&*i<I<*«. T i Nit«!£frb, C 
©J:5fcT iK*ffi©Sfc©tt«£»lSt-t-6;iil*, It 



w^^b^roisya^-rt^^^figt-^citizft 

So 

[003 4] Zftlzft L**ft««©*£-e(**«£83ls 

ESJUfflr-l*. h<tSffi©2gH£3 0 0mmi 

h£WEOrai4t'Jrtt< fct, 1 0 0mmlil±Tfft 

[0 0 3 5] *fc. a**ffi-C»BELfcT i NflIt©Mj£ 
fcBMiKfMILfclSjIL T i NMg]ftti<. T i : N = 
1 : 1-1. 2roigHT'tf b-^Lxri^CitBJbAMz 
ftofc. c©ttSL iEa«^6-r*ifc*«ia>S**<T 

i S i , 0)ff^fi£i©flT? T i NlS^frbT i WM^P&ifa 
tfc^-5fc<S6, T i/T i NSS^b^©S^Jtl=»it 
Lf=ffi*A<»fiES*i, BJHt£#ffijMBtf>&*iS< &«© 

tmm^ »»sasi=«fcort,T i n^^roraiig 
*Wft*fc»l=, «a-fc*K©T i s i, SffiMQKJV 

[0 0 3 6] nH(=, T i NMtBA«<Bliy9?l=«« 

c 1 1= j: or *iio«*i= «fc o-ctt^-se***** < a 
y. Ti nh*, s»iz B t*!6<*<gALAf>-r<fts. 

Sblc, fclcifc^fc.fcdlZT i /T i Nffi#?Bl::*8« 
fcSfcfflfctf »jSS4i.&Klf T?£ < . IEgl*lj£fr b"f *i 
fc*Silro^**<T i S i z (D^/SJiflrT i NBM+frb 
T i ««^n*lMM-*fcftT i /T i NSIfrbll 

btLft<ft.|. <> :*il:J:oT, KjR0>«AL*-n^* 

Stttlc, MSBtl^JfecOT i Nliffflli/i<N©ffia 

t i NKffi^rt*a«rr*cti=«fcy, iBs 

iLTTiSi, R4®7ttftift*Sl£j!fttftl?-&. 
[0 0 3 7] Z^lz^L, **ltftl*i£*ffl^fc«^l= 

i*. t i Hummzj i mvmmfrhTi&ummtmA 

Uft^fcft. Ti/Ti N^ffilZ, BJ^ft^B^lgftb 
ft-5=fc5|-£3o *fc, T i NII1 : KTMb^SEtM 

jsttr^figur^sfc*, ^«aatrT i s i 2 bi^k 
*-r*Bi=, Tisi, K*^©s*©tty&*A<Hi± 

Sot> lil±©2^b, Ti/Ti NSIT- 
©^JS-ftaftS(6tR&Sf. T i S i 2 *B©^^I» 

<-tmz, ®-temmT \s\ 2 Gmmamm-em&te. 

[0 0 3 8] *fc, ±lB©J:3ftT i /T i N#®$BJ 

«ti=»j«-e#«.ctr, «*siaya»^>-n*ffl*. it 
fc**nf»-n^«s-ft««*<**L. t i s i , m<p~. 
a>Mifl!>«iya»*ttcci:4«-e#4. *&i=, t i n 

K4<1 : 1 fflfc*«WE«H:tf»***iTt^*fl)-e. T 
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[0 0 3 9] $P>IC *}fi£?7> KB<£frbi?fr1±fc 

©lEfTt-vroAy&^iffiitu sciiLfcT i as 

±l=4-;i"5$V-v£Md>£#6c£;b<T?#-&o Zh\z 

&^x. mm^n^mt Ltz-m^-iv^-oiE^^-y 

© T i «S-M7)Ay;ii<fr£ISg\ ±IE»**<-JIJ8H*U 

[0040] iiLt©sSfrb, H:fifn;£«'j>s-i±*c:i 
fi£$uf «©©•>- hntt.z>&m?z>zttf-?z 

Z>ZtWJlhfrtU^fc 0 T i S i 2 H + I^H 

^«A<i2ya*^4u\fc&T i s i , 

[004 1 ] fcfc\ **J(E«iJSrg6i:fi6*^i:t?JKJS$ 
tl-ST i S i 2 <DHM(DJiLMi*<0J:5IC*«l^$tl 

-So ^**;£T?ict. t i s i , <p\zmm^mmiim<-j^ 

gHft-SCilCjcoT. T i S i j A < raStfiC4 9ffltfPb 

«*stc 5 4*nz*i$sfi-r^©A<Pi : i ; $^, -tan*, 

Bf&ZhtzT i s i, 4>l=*ftft!&C4 9ffi*<»4c:t 

i=*y, t>^-ci*ttft»a>«*tffl<. 

ya**i*fc. tti£ttft<DT i s i 2 © 

Mtt**. -4iba*©g@i*, w*y*F<D»a 

£ 0 ctil3^L*HJS*;£^J-e(ct, T i S i 2 

*>n«*nRya**i*^t*«ft^*:», t i s i , a?c 

4 9ffifrbC5 4ffiU:telll=f|$E{41-3cH=£3©-T? 

fc&o 

(sim 2) ei 6 li, *%w<Dm2<Dmmm{zmt>z>* 

(a) I=*f«fe5l=, (00 1) SiIi«nI(DS 
iStS5 1±l=, »Kftl=«fcy 8 00nm©7^-;bh* 

^(SfUil^B F 2 "-f:t>£3 5 k e VT?5 x 1 0 ,5 cm 

~ 2 ;iAU n 2 ^iia^-ei ooo°c, 2o#wfi«aa 

*»*4 = tJ=J:yiao. 1 jt/m©i£^p* &S&J15 4 

[0042] ;^i>x% mrummmt lt, cvd-s i 

0,15 5, BPSGl56fl)ilIf1. 0//mJllr 

js-r s. zomm^mmtmmityKmoms^xmm 

»JI*ffi<o*^s i o 2 ■SftMfc^ftfttMHfc. 
IHftiilJf # 1 o p p b ©is^T? y -5„ 

[0 0 4 3] 07 (a) l-ijtt* ott^/iy* 

WaSt55 0i:T i h20SM 



5! yv^-r-sctizotor, @6 (b) i=^-rot3i=)¥ 

* 1 5 n m© T i 15 7 £Jft8M-S. 0 7 

(b) icirf J:5fcX/^*!!£M£ffll\ 1 : 1©^ 

5.mmtiti£T'mi£2ti&T \ Notts®* -?v hso 

£ffll\ T i N£— h*B£A r ^ 7 

5 y>y-r-SCi:lcJ;o-C» 5fc©T i^5 7*ffi±lc-(b 

^mmfcitOT i N158S1 OOnmfflffSIZitfll 

£#&o Sffi5 oiiSi»Ji tHflii=, 

mm^m^tz y , * u ^fx-mmt & 77 

X7llil:BUHil:64 <fc 5 lclE©m&l=iS:£ UTIB 
[0044] *(^Tf s 16 (c) Ic*"*- «fc?l= % ZO% 

JfH£N 2 #iim+-e7 o o°c-e3 o^7--;nx, 

TiSi,l5 9£ffM"t-5o *•©&. 16 (d) \Ziji 
"Tot o \Z^ TiNl6 8 T i H5 7£R§S*L 

■t-y-y-y-'f K^MLt. 

[0 0 4 5] C(Dcfc5lr LTiib^lfcT i S i 2 SI 5 9 

ottmtji^imLtz^m. miomMMoOiStmmiz 
813(/!!c mfflSSflti'EcliiziitS-St-r-ojJir'feiic: 

[0 0 4 6] ^©J:9lzur)K)tLfcT i/T i 

N«Jiii©ifSii?$©^®;&u:t&®s&©T i s i , / 

fflt*fc»-&o»B5-cr*. t i s i , mmzn^&omm 

»u **««<j©*atf»«**tfcT i /t i Ni?sa 
u;ifi«Baft©T i s i 2 si/t i Nfiwiti-(fe 

feofco 

[0047] *mmmoiimT°rsf$.2ixtzi>>)-y- 

4 Ka®lot;tb^-efcy, ^RJT^'drDflCiWifiEloCfgtob 

'tttm 1 ©H»J73;i©«^tlH)tSlc^*ft«lctt-<T 
1 6 0t;8l±lRl±r* = fciWM8**ifc. Ib2(D*»J 

iCcfcor^jstfcT i s i 2 m*ommmm. mmmm 
i MSjii^llLfegi, -V>i*y^*r*^*i8 
itic^Lrfii o 'cm \ 6t3feSSi^Lri*i o 20 

[0 0 4 8] c©ck5C ^2©3liSfi«iJ©^l-J:ys 
i *fi±l=A»ftT i S i 2 Bl36<»rti-C#ft«StI*iaiT 
©*9l=ttWTf#4. »1©**i:L-C(*aSl©*ttfil 

©»^tpn»i=*8tr*, t i Nn©fitt$gai=<b¥ 

«MMUtl=f *-t*«-c#*fc*, n 2 #H^*t?^ 

I1LTT i S i 2 «£»iafr*BI=T i NR«f!^6T 
i Ktt^©£H8*#rt*tt»j(itifelfr, T i fll*^© 

SllT i S l, SBfa©KflfeS«ttA<#4^tA» 

SEg^B©v- hgScS15M-e#-s>o 

[0 0 4 9] I2fflift LTf*. Ti/Ti N©«1 
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;><- v£g(f !>©£$(& Lfc£lcfc£o ft**&-efiT 
i N$±t»$1±-Sif^, T i h*B£N s tA 

li^©Stt&S*^X^©ffiffciiS(i. «S©S« 

zmzmmzi \ mmzm^^Ajx^o. 

[0 0 5 0] S14&S*?7X^IZBffi£;h.fcT i 

C©£l$iiT i Sffi^lS], gg^^[S]t?*l= 
te|--t?*L\fc<fc, T i ^ffi£D^nS4C-5i:ftl^T i / 
T i Njra©f£;h.££i:£t!--S>o -?"©i!i£SL ff£J$$;h.fc 

t i s i 2 hsb©?^^ m^ii. mats 

TkSWMZMzT i S i , ^Bli, «SE]i2i®*7b<5~ 
8 nmWy, v'J+l--< h*Il30nml;MLti|!)30 
%©ISJl©Sb^<£i;-tL*5o cHl-^LT*^BJ 
\Z&%b. ^BlHldiS^li 1 ~3 nm|Cffllx.f>^.Tfc 
y, V'J+t-'T KHIS3 0 nml::*fLT(ll¥(Dfgb#£ 1 

o%iitTi:^-^ct7b<t^s < , ^ficD^b^i*. mm\z 

[005 1 ] SbK, X*JU*-£}#ofcStt£gfiil- 
i^tTi ©*Btt£©fe&£t;]£C£l::&l.h 

v&%&czo>'iko®®m<D®jz. t i / t i N#s-e<7> 

»*fiji*#*SBi:'54. T i S i , H*lzSSy&£ 
tltcWmi*. JI^*g* ? T i (0. 06 8 nm) i 
(0. 04 1 nm) |C*f LXm^m^^t-lSb 
(N:0. 1 7 1 nm) , T i S i 2 ©f&^ffl-VMfcT-* 

HlzIxyjiSft-Scilrcfco-c, TiSi, ©ft^-l::® 
BfW!&S£*AL, «^©ffiife£m£^:*:$-a-3o cti 

7LSfc46<t, T i S i 2 ©^©JSIHWtKt-^vA';^ 
St?fc«)i:©2oa)SEllzJ:S 0 TiNiL 

t, t i s ijgwiziMiiLfc***, H»©l?»£a 

*fc. T i S i , ©ttftfttfl 3 Al Q c mt'fcJ 
©IzftL, T I Nl*1 0 0|iQcmJSl±©K«St*£l$ 
ofcft. ±ELfcS!l*l*MUTT i S 

[0 0 5 2] $blz, ±|5^©?l#gC-r^lz«):o 
T, Ti/Ti Nif^fl#frblft«fi3II=S-S£-e©IfS© 
«t»T?T i #.\S*lfc*Wr4, K*ffl«AL^ 

fcT i ni*. mmm^izmit^h^t < , -mr > s i 

2 R4>©?tttttt%X££Jttft3-£*. 7*MftlftSS& 

roiitoufcT i s i 2 mit, -Httftft*<±*-r4^i: 

[0 0 5 3] C^.I=*tLm2(Dj6WJtrii, T i Nfflft 



LrL\-5fctoi=, m&mm*zf^x-?nmmzmztiz, 
m-sx'&T i NHit«B*i=i*T i m^<Dmm(D^)^ 

*B©^$-&M<ttigCb£^o T 
i IwJ^ L"C A r ^X^ji^Stt^fc-SfcAl::, 

«*tl=<^. Jbl:. T i s i 2 K«fl=S*A<«iy 
&S*ifcl.*fc#>l::. #jiBi*;i^-#±SLfcl^£l-J--e 
*yi$i-ft«fciS:4fcft(=. 7^n^U— >a> 
Mttfflfij£fc&Stt«j5©#fflit¥**'>U »«tt*< 
^FbCliRl-t^o K±fflaHil=«fcy, T i S i , H©K] 

-te©fii±. s/-h«ttffliS3eatnH«Mt*iRi±*-a-4 
[0054] net*, ±IE© t i *B©^ftlffi±ro3eiiS 

icj:ot. t i s i 2 m*mm%s$£tm'pL. ^©iss 

[0 0 5 5] $bl3, SS^y : 7> Km{4A>b!f^#fc 

y. U>^ttffitS?7X7«fil:jfil^ 
J; 5 lciErom<il3|§^ LTI2S LT l^fc 

*^b©iE^*>fr£>©Ayii*f£Rfr±u 5fci=»jf l 
©iE'r^xoT i «B^©Ay&^£i»£\ ±15^**^ 

[0 0 5 6] fcfc, T I 4 0 0°C 

KlT©afis «iJx«2 0 0°Ct?S1S$»Dji&L!EEA^X/< 

^TI*^*A^xyii*^l=< <fc-5fc«>, ±lSHJ6«iJt 
[0 0 5 7] ^bl~Hl. 152 ©3l»JiJ73 T i / 

t i N<Dmmmimmnmn$>-vT--)ut&^tiz& 

oTT i S i 2 %Mf&Ltzff. T--;U^A rSHS* 
"CiT o f- 1 3 It £ b I -a H W T? fe o t- 0 

[0058] mm3mts.*vimm-t&is&T!it. mm 
a ? t i mmmzzmLx, ^iti^mt^itrnz^'j 

■*<( h*3KfiEfl#l-^H^ISy^t?L*5o c©fc<J6 s ^ 

1* y m 1 , % 2 ©*ts«cp* Lfc * 5 i=«n*<fiT-r 

ft±U *«»rtl=fcL^T=t,KJla>1M»^SJBT?**fc* 
ltU^<, T i S i 2 M*©^^b-T, TiSi^I 

±*#f\ 7^ny l/->a l/CStiWMtt^of 
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[0 0 5 9] ±iELfcKW|-*,, T i N ©&££*#< 

rt*ft»fiSX'J?*#«c:tt„ t i s i 2 BI*©g* 

iaSfiI*t«±TfM«Tj6r>fe. *fc, T i NO) 

tt«eatt»A«. Miiii^bT i«ii:tim: 

«El\fc3l=T i N*'>*<fc*2lMtJIliLtl=«i:*J:3 
©75;£ t Httfc »* Sffl* c <t *< WAIT? fe o fc „ ft fc\ 

fg» -r •& - 1 lis 5 * t? & ft 

[0 0 6 0] #JlBj3ii±fgSi»J|-[g6;r < tft<, ■?■© 

l\ 0Ja.lf T i S i , \>lMzi>m®±m<Di; i } J &-< h\ 
fill x If N i S i x, CoS i x (X=0.5,1.2)aJLM*Z r S 
ix, PdxSi, VSix, HfSix, TaSix 
, WS i x ^teCDv'J-tM h*£Kfi£-f4I85K : fe=&*© 

t?#4„ *fc, *vy7Jf!*T i NBIfz|®3*.©-c*lift 
<, K^fll. H<btt«tMl&©<b£ttni=oivct,PiM* 

#X©^ft bf, +^ ? ^S«BE-rS*SES#*-Tftfc 
Mo*8^fcMI«i:Kl6Lfcl*SHftT?fc*itf* 3fc© 
JMMIi: = *6I=, ±IE 

HMj-eif, IvffttT i N+^^^y©^#i=ot> 
•csfc^fctf, cti|-lS^tro-eifft< t iK£«M*u 

<O^Mt*<RTt6r*fe-5„ *fc±IE3IJfi«iJ-C-lf, p'-Si 
SffiiKOt^Tta^fctf, n' -S i*1S±|30l>T 

[00 6 1 ] 

[»81©Sb*] Bl±»aLfcJ:3l=**WI=**i«, X 

/ < v t \~ J; y «a&&a<Dg<b4fem * i 



1-4 T i «©3&&K©{b£«gl££ 5 0 n m t »BHb L 
fc*§#-?&. «<D«ftt+#«<-r*ct4«-e*s fro 

ft^,, o*y. *#(t»tR±i=J§— ejtftffi*<fi<it» 

tt©^JTftv'J-y-Y KR»KA<»JS-C#s £l*tt£±l= 
««tt©Bi^ U h*1#it£|gg-f 4 -<!:tfT-#4o 
[■iEallW&IMI] 

[H 1 1 * 1 ©St*«"JI=«*56*3H*fi«©«jgiSS 
^1-HtBBIo 

[@2] mi ommmiimizm^tc^^-y $mw:£fF? 
mam* 

[®3] Ki©*««=fiit4»*y-*i*tt**-r 

Ho 

[0 4] mi©*»JI=fcltSS I MS#tf£fl£*tti 

[05] 11 ©HMJlcfcltSS I MS«-«fS«l*^Ji: 
JtSUT*1"0o 

[0 6] *2©*«|ffyi=flk*j4##ft»«fflSUfiia* 

*i _ ifffi0o 

[07] *2©*ss0j*ai=^fcx/<?*g«£*-r 

4Mxt0o 

[0 8] $*affl::«fc«¥#{*8«©Mjti8£**Sr 
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[02] 





[04] 
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-i 6 
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